Postoperative pulmonary edema usually experienced by surgeons was not only
caused by the misuse of blood transfusion during or after operation of the cardiopul monary diseases, but also caused by various operations of other diseases.Par ticularly, many cases occurred after an operation of the nervous diseases. Though postoperative pulmonary edema appeared in a very wide variety of conditions, it was classified into 3 groups according to the similarity of the histological findings:
(1) that occurring after a brain operation as well as brain trauma, (2) that occurring after an operation of cases with cardiopulmonary diseases accompanied by pulmonary circulatory disturbances, and (3) that occurring after an abdominal operation of various diseases accompanied by metabolic disorder such as hypoproteinemia, anemia and hepatic or renal disturbance.
As to the features of the pulmonary edema occurring after an operation for diseases of the central nervous system, there appeared a marked congestion of the pulmonary vascular system and floating of red cells was found in the alveoli. The exudation of a liquid component in the alveoli was clearly seen. In the cases of pulmonary edema after an operation for cardiopulmonary diseases, a congestion of the pulmonary vascular system and hemorrhage into the alveoli were remarkable. This was particularly true in the cases where there was pulmonary hypertension before the operation. In such cases the fibrosis of the blood vessels was seen in addition to the above mentioned hemorrhage and the congestion. Though the exudation of liquid component into the alveoli was also seen, its degree was much less than that in cases of brain lesions. In the cases of pulmonary edema after an operation of abdominal diseases accompanying hypoalbuminemia, anemia and hepatic or renal disturbance, the congestion was not remarkable, but a high degree of exudation of liquid component into the alveoli was observed.
In order to determine the incidence of these three types, a calculation was made about the ratios of the numbers of major brain, cardiopulmonary and abdominal operations to the numbers of occurrence of pulmonary edema. These were 12%, 3% and 1%, respectively. It is worthy of note that incidence of the postoperative pulmonary edema in brain surgery is significantly higher than those in other types of operations.
For the purpose of clarifying the relationship between the nervous system and the development of the pulmonary edema, an investigation about the innervation of the pulmonary vessels was performed. It was concluded that there were both higher and lower centers on the reflex arc which consists of afferent and efferent pathways of the pulmonary vascular innervation, The higher center of the reflex arc where the afferent pathway ascends the vagal nerve was situated in the nuclei of the preoptic areas. The efferent pathway starting from this center passed through the pons, the medulla and the upper spinal cord and, entering the efferent sympathetic nerve, was distributed to the pulmonary vessels. On the other hand, the lower center of the reflex arc where the afferent pathway ascends the sympathetic nerve or sinus nerve was situated in the medulla and from this the efferent pathway turned immediately into the efferent sympathetic fibers. Furthermore, we could notice that analysing 19 clinical cases of pulmonary edema after brain operation and brain trauma, the foci and operative attack in one group had a close relation to the higher center of the reflex arc, the preoptic areas, while in another group the foci and operative attack had a close relation to the lower center in the medulla.
The pulmonary edema could be produced, bringing about changes in the pulmonary circulation, by destroying any of the course of the pulmonary vascular Jap. Heart J. N ovember, 1967 innervation. When the bilateral preoptic areas, which are regarded as the higher center of the pulmonary vascular innervation, were completely destroyed by an electrocoagulation, the pulmonary edema occurred frequently. The histology of thus produced pulmonary edema was quite similar to that of the clinical case occurred after brain lesion.
In the cases of experimentally produced pulmonary edema by complete destruction of the bilateral preoptic areas, various pathophysiological responses have been observed in detail: Respiration was markedly suppressed. Oxygen consumption and arterial blood oxygen saturation became lower. A gradual fall in arterial pressure with decreased cardiac output was seen. Pulmonary arterial pressure was elevated and reached tol 50-450mm. H2O. This marked elevation of pulmonary arterial pressure was the characteristic phenomenon in the bilateral preoptic lesions. The destruction of other portions of the brain stem or the unilateral preoptic lesion did not raise pulmonary arterial pressure. Pulmonary vascular resistance increased considerably, pulmonary circulation time became prolonged, and pulmonary blood volume also seemed to be increased. Hepatic blood flow as well as renal blood flow decreased remarkably, and urine excretion became extremely low. Serum protein and colloidal osmotic pressure of plasma did not show any remarkable changes. The increase in the extracellular fluids was slight, but the fluids in the tissue stroma showed a remarkable increase due to a decreased circulating blood volume. As to the changes of electrolytes in plasma and tissues, the retention of sodium in plasma and the lung was remarkable. Tissue water was also increased in the lun The pulmonary dilution curve which was made by an incorporation of Na24 and P32 labelled red cells showed transcapillary water exchange and the dynamics of intrapulmonary water shift clearly. Both the exudation of water into the lung and the absorption from the lung were going on rapidly and vigorously in the early stage, while in the late stage the transudation of water overwhelmed the reabsorption of water resulting in a prominent pulmonary dema. When the distribution of water to various tissues was traced by Aviado's method, the muscle reserved much water in the case of simple transfusion, while in the case of bilateral preoptic lesions, water was accumulated into the lungs selectively, producing the pulmonary edema When Na24 was injected into the alveoli, the absorption curve of blood rose in the early stage of pulmonary edema, but at the maximal stage the absorption was suppressed producing a flat curve. The pulmonary lymphatic flow increased from time to time, but eventually it began to decrease. The reticulate fiber of the alveolar wall showed some swelling, broadening, and breaking which nicely represent the changes in the pulmonary lymphatic flow. 17-Hydrocorticosteroid in blood, 17-ketosteroid in urine and antidiuretic substance in blood increased from the beginning. It is worthy of note that these hormonal changes occurred immediately after the production of the bilateral preoptic lesions. This might indicate that the damage of the preoptic areas would influence directly upon the hormonal regulation, inducing the hormonal unbalance. VDM decreased in the liver and increased in the blood. The activity of fibrinolytic enzyme became strong, histamine of the lung tissue and free catecholamine in urine increased markedly from the beginning. The permeability of the pulmonary capillaries became increased with the lapse of time as seen in passing of the trypan blue through the pulmonary artery. Phosphatase activity, 5-nucleotidase activity, RNA metabolism, lipid metabolism and polysaccharide metabolism in the tissue of the lung and the liver became vigorous in the early stage of develop- 
